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GEOGRAPHIC DISTRIBUTION, MORPHOLOGICAL AND
MOLECULAR CHARACTERIZATION, AND RELATIONSHIPS OF
LATHROCASIS TENERRIMA (POLEMONIACEAE)
Leigh A. Johnson1 and Terri L. Weese1
ABSTRACT.—Lathrocasis is a recently recognized genus of Polemoniaceae that circumscribes the species first named
Gilia tenerrima A. Gray. This species, distributed primarily in the Great Basin and Rocky Mountain floristic regions, has
previously escaped thorough taxonomic scrutiny. Surveys of herbarium specimens and living material show that some
features of this species have been inaccurately characterized in the past, while other characteristics have not been previously considered in assessing its relationships. Lathrocasis possesses a distinct suite of morphological features that, considered as a whole, distinguish this taxon at the generic level. This suite of characters includes the mostly entire, nonmucronate leaves, effuse branching with diverging to retrorse and threadlike pedicels, uniformity of short stipitate
glands throughout, uniovulate locules, spiriliferous seeds with verrucate seed coats, minute funnelform flowers with
simple vasculature, and stamens equally inserted approximately mid-tube. Parsimony analyses of ITS, trnL, and matK
genes recover similar trees that place Lathrocasis in Gilieae with possible sister relationships to Gilia, a group composed
of Allophyllum, Collomia, and Navarretia, or both of these groups combined. A detailed description of L. tenerrima, a
review of its taxonomic history, and notes on the type collection are presented.
Key words: Lathrocasis, Polemoniaceae, Gilia, taxonomy, phylogeny, geographic distribution.

Gilia tenerrima A. Gray is a small-flowered,
delicately statured annual species of mid-elevations distributed in the Great Basin and
Rocky Mountain floristic regions of western
United States. As with many inconspicuous
species, G. tenerrima has not received thorough systematic study, and its relationship to
other Polemoniaceae typically has been inferred
without critical examination. Gilia tenerrima
was described during a period when Gray’s
view of diagnostic characters for genera of
North American Polemoniaceae was principally confined to staminal features and their
relationship to the corolla (Gray 1870). Gray’s
Gilia was admittedly polymorphous and included most temperate Polemoniaceae with
the exception of Phlox, Polemonium, and a few
disparate species referred to Collomia. Gray
(1870) placed G. tenerrima in section Microgilia, a taxon erected by Bentham (1845) to
house G. minutiflora Benth., which, like G.
tenerrima, has single-seeded locules. Subsequent workers rejected Gray’s generic circumscriptions and emphasized combinations
of characters, rather than single characters, for
generic recognition in Polemoniaceae (Mason
1945). As a consequence, the circumscription

of Gilia has incrementally narrowed during
the 20th century as natural groups previously
housed in this genus received independent
taxonomic recognition (Milliken 1904, Grant and
Grant 1955, Grant 1956, Porter 1998a, 1998b).
Students of Polemoniaceae through the
1940s generally followed Gray regarding the
relationships of Gilia tenerrima. Brand (1907)
provided a more detailed Latin description of
this species than Gray, and placed it and G.
minutiflora with species now referred to
Microsteris and Allophyllum in his section
Phlogastrum. Rydberg (1917) placed G. tenerrima with G. minutiflora and G. sinistra M.E.
Jones in his informal “Minutiflorae.” Several
important contributions to Polemoniaceae taxonomy were restricted to the Californian flora
(Milliken 1904, Jepson 1925, Munz 1959) and
thus did not treat this species because it
remained unknown in that state until the late
1950s (Hardham 2356 RSA). Mason and Grant
(1948, 1951) placed G. tenerrima in their new
subgenus Kelloggia with G. minutiflora, G.
leptalea E. Greene, and G. capillaris Kellogg—
a group comparable in composition to Rydberg’s
“Minutiflora” considering modern synonymy
and the different geographic ranges considered
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by these authors. Although following earlier
workers in describing the leaves of G. tenerrima
as entire (Mason and Grant 1948), Mason and
Grant (1951) selected an illustration depicting
lobed leaves occasionally produced by this
species.
Grant and Grant (1954) were the first to
disassociate G. tenerrima from G. minutiflora
and discounted relationship with G. leptalea
and G. capillaris by placing the latter 2 species
in their section Saltugilia. Because G. tenerrima was not the focus of their work, they
indicated only that its affinities were probably
in the direction of subgenus Campanulastrum
(G. campanulata A. Gray and relatives), whereas G. minutiflora was referred to subgenus
Ipomopsis. Grant (1959) reconsidered this decision, in part, and included G. tenerrima in section Saltugilia without comment. In a regional
flora of the Intermountain region of the western United States, Cronquist (1984) provided
a somewhat detailed gross description of G.
tenerrima and again associated it with G.
minutiflora (Cronquist also recognized Gilia
more broadly than Grant [1959] or Munz [1959]
by retaining Ipomopsis and Allophyllum within Gilia). Day (1993a), in formally recognizing
section Kelloggia (based on G. capillaris), referred G. tenerrima to section Giliastrum, a
polymorphous taxon as defined by Grant
(1959) that included species showing affinities
to G. rigidula Benth. as well as species recognized earlier in subgenus Campanulastrum.
Recent treatments attempting to deal specifically with the relationships of G. tenerrima
first referred this species to Allophyllum (Grant
1998) and then Tintinabulum (Grant and Day
1998). These publications concur with the removal of G. tenerrima from Gilia as discussed
by Johnson and Porter (1998), but inadequately consider the full body of evidence in
determining its affinities.
Paralleling its obscurity in the field, few
published comparative studies of character
diversity in Polemoniaceae have included Gilia
tenerrima. Broad investigations in this family
of pollen morphology (Stuchlik 1967, Taylor
and Levin 1975), pollen-ovule ratios (Plittman
and Levin 1990), and flavonoid chemistry
(Smith et al. 1977, Harborne and Smith 1978)
favored other species to represent Grant’s (1959)
section Saltugilia. Pollen morphology was
recently discussed for this species (Grant and
Day 1998), but many morphological features
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for G. tenerrima relative to other Polemoniaceae either are not available in the literature
or, in some instances, have been inaccurately
described. DNA sequence investigations (Johnson and Soltis 1995, Johnson et al. 1996, Porter
1996) have included G. tenerrima, and the
inferences therein provided the stimulus to
critically examine the biology and affinities of
this taxon. As a consequence of in-depth study,
Johnson (in Porter and Johnson 2000) established a new genus, Lathrocasis, to house this
enigmatic species. Here, we elaborate the
rationale behind this taxonomic shift. We document the geographic distribution of Lathrocasis tenerrima, describe its morphological
attributes, and infer its phylogenetic relationships. The classification of Porter and Johnson
(2000), which encompasses several new combinations for Polemoniaceae in addition to the
formal description of Lathrocasis, is followed
in the remainder of this paper.
MATERIALS AND METHODS
Morphology and Biogeography
We obtained gross morphological observations, large-scale measurements, and locality
data from a survey of 450 specimens of Lathrocasis tenerrima representing 202 unique
accessions from 18 herbaria (BRY, CIC, GH,
IDS, MONT, MONTU, NY, OSC, POM,
RENO, RM, RSA, SRP, UC, UNLV, UTC, UW,
and WILLU). Additional data from specimens
housed at CAS, but not seen by us, were kindly
provided by A. Day (California Academy of
Sciences, personal communication). Destructive
observations, for example electron microscopy
of pollen grains, pollen ovule ratios, and internal flower measurements, were taken from
10–25 samples haphazardly chosen to represent the geographic range of all specimens
while also encompassing the range of size
variation at the whole-flower level. We made
all reproductive measurements from pressed
material rehydrated in Pohl’s solution (Pohl
1965). Pohl’s solution was also used to rehydrate young anthers for pollen counts. After
rehydration, anthers were momentarily placed
in saffranin before dissection in a small drop of
3:1 lactic acid:glycerol where all grains per
anther could be counted. Gland morphology
was observed on dried specimens and rehydrated material cleared in NaOH and chloral
hydrate (Ruzin 1999).
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The broad geographic sampling provided
by herbarium specimens was supplemented
with observations and measurements made on
living material grown from seed collected in
1993 from Mono County, California ( Johnson
93-103 WS). These observations included aspects of seed germination, phenology, anatomy,
and morphology.
Comparative observations with other species
were made from first-hand examination of
specimens housed at BRY, NCSC, RSA, WS,
and the first author’s personal collection, or
from literature descriptions.
DNA Sequence Analysis
DNA sequences were compiled from 3 gene
regions: nuclear ribosomal DNA internal transcribed spacer regions 1 and 2 (ITS; Baldwin
et al. 1995); chloroplast trnL intron–trnF spacer
regions (trnL; Taberlet et al. 1991); and the 5′
two-thirds of the chloroplast matK gene (matK;
Johnson and Soltis 1995). The ITS and trnL
sequences were generated specifically for this
project for 9 populations of L. tenerrima (following Johnson et al. 1999 and using the
primers of White et al. 1990 or Taberlet et al.
1991). Sequences for 23 additional species
were generated previously or in tandem for
various ongoing investigations (Johnson 1996,
Johnson et al. 1996, L. Johnson unpublished,
J.M. Porter unpublished). All sequences have
been deposited in GenBank (Table 1).
Taxonomic representation between the 3
DNA data sets is comparable but not identical.
This is not problematic inasmuch as species
representation was based on results of prior
analyses (Johnson and Soltis 1995, Johnson et
al. 1996, Porter 1996) and a growing body of
unpublished sequence data that span the
entire family (L. Johnson unpublished, J.M.
Porter unpublished). That is, species analyzed
here were selected from larger matrices to
illustrate what we have discovered about the
genetic relationships of L. tenerrima in a much
larger, and densely sampled, taxonomic context. The representative sampling presented
here provides an unbiased view of results
obtained from these larger analyses insofar as
placement of L. tenerrima is concerned. Multiple populations of L. tenerrima, representing
the geographic range of this species, were
sampled to assess molecular variation within this species and increase confidence in

relationships inferred through analyses of these
data.
Sequence alignment for all 3 regions was
accomplished by eye using a much larger sampling of sequences to aid in homology assessments. In general, alignments in all regions
were straightforward. A few poly-A, poly-T, or
poly-AT strings in the trnL region provided
less sure alignments, and nucleotides in those
areas were positioned to minimize character
change. Gaps were treated as missing data (i.e.,
“?”) rather than a 5th state. When alignments
were unambiguous and gapped characters
were not autapomorphic, we coded gaps as
binary characters appended to the data matrices, regardless of their length (Baldwin 1992).
While inclusion of these gap-coded characters
in analyses had minimal or no effect on topologies recovered from parsimony analyses, it did
provide additional support for groups recovered on the basis of base-substitutions alone.
All parsimony and data set congruence analyses were conducted with PAUP* 4.0b2 (Swofford 1999) following Johnson et al. (1996) and
Johnson and Soltis (1998).
RESULTS AND DISCUSSION
Biogeography, Ecology,
and Phenology
Lathrocasis tenerrima is distributed in portions of the Great Basin and Rocky Mountain
floristic provinces of western United States
(Takhtajan 1986). Its range extends north from
California, Nevada, and Utah (latitude 38º20′N)
into Oregon, Idaho, Wyoming, and Montana
(latitude 46º50′N), and from Wyoming (longitude 106º50′W) west to the Cascades of Oregon (longitude 120º40′W) and the Sweetwater
Mountains of Mono County, California (Fig. 1;
Appendix). Although not seen by us, L. tenerrima is expected in northern Colorado as well.
This geographic range overlaps with a number of Polemoniaceae species but is unique
compared to the closest relatives of L. tenerrima. That is, several genera such as Aliciella,
Collomia, Gymnosteris, Ipomopsis, Navarretia,
Linanthus, and Microsteris contain species
with large geographic ranges that largely or
wholly encompass the distribution of L. tenerrima. Yet, the more closely related Saltugilia,
restricted to the mountains and adjacent valleys of southern California and Baja California,
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TABLE 1. Voucher and GenBank accessions for DNA sequences used in parsimony analyses. Information is ordered:
species; collector & number, herbarium: ITS, trnL, matK Genbank accession number. “NS” indicates gene not sequenced
for that particular collection. For some species, sequences were derived from different collections as indicated. For
Lathrocasis tenerrima, a population acronym is also provided in boldface type.
Aliciella hutchinsifolia (Rydb.) J.M. Porter; Johnson 93-069, WS: AF208193, NS, L34186; Tommerup 301, RSA: NS,
AF208164, NS.
Aliciella latifolia (S. Watson) J.M. Porter; Johnson 93-018, WS: AF208194, NS, L48578; Porter & Machen 10253, RSA:
NS, AF208165, NS.
Aliciella leptomeria (A. Gray) J.M. Porter; Johnson 93-008,WS: AF208195, NS, L34196.
Aliciella triodon (Eastw.) Brand; Porter & Heil 7341, RSA: AF208196, AF208166, NS.
Allophyllum divaricatum (Nutt.) A.D. Grant & V.E. Grant; Johnson 96-009, BRY: AF208197, AF208167, NS.
Allophyllum glutinosum (Benth.) A.D. Grant & V.E. Grant; Johnson 93-032, WS: AF208198, AF208168, L48564.
Allophyllum integrifolium (Brand) A.D. Grant & V.E. Grant; Johnson 93-111, WS: AF208199, AF208169, L48563.
Collomia linearis Nutt.; Johnson 92-045, WS: AF208200, AF208170, L34188.
Collomia rawsoniana E. Greene; Patterson s. n., WS: AF208201, AF208171, L48571.
Gilia angelensis V.E. Grant; Johnson 93-029, BRY: AF208202, NS, L34177.
Gilia brecciarum M.E. Jones; Johnson 93-049, WS: AF208203, NS, AF208191.
Gilia cana (M.E. Jones) A.A. Heller; Johnson 93-016, WS; AF208204, NS, L48577.
Gilia capitata Sims; Johnson 92-015, WS: AF208206, NS, L34182.
Gilia laciniata Ruiz & Pav.; Morrell 403, RSA: AF208208, AF208175, NS.
Gilia scopulorum M.E. Jones; Johnson 304, WS: AF208209, AF208176, L34190.
Gilia stellata A.A. Heller; Johnson 93-059, WS: AF208212, AF208179, L34199.
Lathrocasis tenerrima (A. Gray) L.A. Johnson;
CA = Johnson 93-103, WS: AF208213, AF208180, L34192;
ID-c = Holmgren & Holmgren 5924, BRY: AF208214, AF208181,NS;
ID-v = Grimes & Packard 1807, BRY: AF208215, AF208182, NS;
MT = Lesica 3466, MONTU: AF208216, AF208183, NS;
NV = Tiehm & Crisafulli 11814; RSA: AF208217, AF208184, NS;
OR = Ertter 4364, BRY: AF208218, AF208185, NS;
UT = Welsh 19600, BRY: AF208219, AF208186, NS;
WY-c = Goodding 110, RSA: AF208220, AF208187, NS;
WY-t = Goodrich 24955, BRY: AF208221, AF208188, NS.
Linanthus campanulatus (A. Gray) J.M. Porter & L.A. Johnson; Tommerup 355, RSA: AF208205, AF208172, NS.
Linanthus filiformis (C. Parry ex. A. Gray) J.M. Porter & L.A. Johnson; Johnson 93-015, WS: AF067552, NS, L34185; Porter
& Machen 10849, RSA: NS, AF208174, NS.
Navarretia breweri (A. Gray) E. Greene; Johnson 93-101, WS: AF208222, AF208189, L48599.
Navarretia intertexta (Benth.) Hook.; Johnson 93-088, BRY: AF208223, AF208190, NS; Glazner 9349, WS: NS, NS, L34202.
Navarretia sinistra (M.E. Jones) L.A. Johnson; Johnson 93-130, BRY: AF208210, AF208177, AF208192.
Saltugilia caruifolia (Abrams) L.A. Johnson; Johnson 93-096, WS: AF208207, AF208173, L34183.
Saltugilia splendens (Douglas ex Mason & A.D. Grant) L.A. Johnson; Johnson 93-098, WS: AF208211, AF208178, L34191.

Mexico, is entirely allopatric. Gilia is also
largely Californian in distribution. Although
several species inhabit the Great Basin region,
none is geographically confluent with the
entire range of L. tenerrima. It is not known if
any Gilia species are truly sympatric with L.
tenerrima at the population level. Few herbarium sheets record other Polemoniaceae as associates. The few species listed or observed personally include Collomia linearis Nutt., Ipomopsis aggregata (Pursh) V.E. Grant, Leptosiphon
septentrionalis (H. Mason) J.M. Porter & L.A.
Johnson, Microsteris gracilis (Douglas ex Hook.)
E. Greene, and Phlox longifolia Nutt.
Areas of the Great Basin and Rocky Mountain floristic provinces inhabited by L. tenerrima are classified at a grand scale as shrub

steppe, cold desert scrub, and western montane coniferous forest vegetation types (Barbour and Christensen 1993). Habitats are typically gravelly slopes and sandy sagebrush scrub
to pinyon-juniper zones but vary into more
mesic sites framed by aspen or conifers. Precipitation in the Great Basin as a whole is sparse
and comes primarily in the form of winter
snow, but increased precipitation occurs in the
higher elevations and latitudes preferred by L.
tenerrima (Holmgren 1972). Elevation range
for L. tenerrima is predominantly 1524–2743
m (5000–9000 ft), although collections records
range from 1127 m to 2987 m (3700–9800 ft).
At the lowest latitudes, populations generally
occur at relatively high elevations (2377–2895
ft). Thus, this species does not appear to
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Fig. 1. Geographic distribution of Lathrocasis tenerrima indicated by gray dots. Stars indicate samples used in DNA
analyses (Table 1). White versus black stars distinguish the 2 major chloroplast haplotypes observed in trnL data (see
Fig. 3A).

inhabit the warmest and driest portions of its
geographic range. These data, combined with
surveys of immature herbarium specimens,
suggest individuals of L. tenerrima germinate
in the spring following cold stratification of
seeds via extended periods of moist chilling.
Anecdotally, seeds of L. tenerrima, collected
from Mono County, California, in 1993 and
stored at room temperature, successfully germinated in 1996 and again in 1998, following
8–10 wk of moist chilling at 4ºC. Seeds sown
simultaneously and kept at room or greenhouse temperatures failed to germinate even
after 6 months. These germination trials, conducted to produce plants rather than to deduce
germination cues specifically, lacked a rigorous experimental design. However, the presence or absence of light and the application of
treatments intended to stimulate refractory

seeds (Keeley 1984) did not appear to positively affect germination.
Following germination, greenhouse-grown
plants required 6 wk to produce their 1st flowers. Anthesis and stigma opening occur more
or less simultaneously just prior to opening of
corolla lobes. Stigmatic lobes make direct contact with anthers, and all flowers mature at
least 2, but most often all 3, ovules. Flowers
close by evening, do not open a 2nd day, and
are pushed off the plants by the enlarging capsule. Seeds mature approximately 2 wk following anthesis. Flowering takes place predominantly in June and July, but it can occur from
May through September.
Vegetative Morphology
Lathrocasis tenerrima is a diffuse-branching,
tap-rooted annual usually <3 dm in height
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(Fig. 2A). The 1st nodes are subopposite to
alternate and sometimes form a loose rosette.
Internodes lengthen above and typically 5–15
nodes are produced before the primary meristem terminates in a single flower. Subsequent
growth is predominantly axillary with new
sympodial internodes more or less maintaining
the linear path of the previous internode and,
in the process, pushing each terminal flower
to the side. Flowers thus appear leaf-opposed,
with the pedicels divergent or retrorse. Branching dichotomies are produced frequently with
the branch pairs spreading widely.
Cotyledons are ovate from a short petiole
and may persist into flowering but usually
wither with age (Fig. 2B). Leaves of the primary stem are mostly entire, narrowly lanceolate to oblanceolate with a tapering base and
an elliptic, or sometimes more rounded, apex
(Fig. 2C). These lower leaves are usually more
or less equivalent in length, increasing or
decreasing in size gradually from node to node.
Upwards, the higher-order branches produce
leaves that gradually to somewhat abruptly
reduce in length and width. These upper
leaves are borne opposite each flower, or at
the base of each diverging branch pair. Lower
leaves occasionally bear a single, linear to falcate lobe on 1 or both leaf margins (Fig.
2C–E). These lobes may appear opposite or
unpaired and have been observed on plants
from throughout the geographic range of this
species (Breedlove 43710 RSA, Evert 16688
POM, Hitchcock & Muhlick 14144 RSA, Jones
5425 POM, Jones s. n. POM 75138, Stickney
2915 MONT). Anatomically, lower leaves have
2 layers of palisade parenchyma below the
upper epidermis. Vascular tissue is located
below these palisade layers, followed by spongy
mesophyll to the lower epidermis. Epidermal
cells, predominantly sinulate, become long,
narrow, and noninterlocking over the midvein
of the leaf.
Lathrocasis tenerrima bears trichomes more
or less throughout the vegetative body. Internodes and pedicels are densely covered, where-

[Volume 60

as leaves and calyces (both herbaceous and
membranous regions) are less densely covered.
The trichomes, all of the same type, are short
stipitate with typically 4 translucent cells in
the stalk leading to a subglobose to globose
cytoplasmic-dense gland composed of 1–4 cells
(Fig. 2F). The terminal cell(s), often translucent to yellow on living material, frequently
appears black on herbarium mounts. The glands
are somewhat odorous and more or less viscid
such that they may accumulate sand, insects,
or trichomes from other plants.
Reproductive Morphology
Flowers of L. tenerrima are minute (Fig. 2G),
usually no more than 3 mm in length. The
campanulate calyces consist of 5 herbaceous,
membrane-edged sepals joined by the membrane 3/5 to 4/5 of their length (Fig. 2G). Apices
are short acute and nonmucronate. This degree
of fusion in the calyx is important to note inasmuch as some taxonomic keys (Day 1993b)
require one to specify fusion less than 1/2 to
arrive at this species, and some literature descriptions are likewise misleading (Patterson
1989, Grant and Day 1998). Membranes expand
slightly but are ultimately torn by the expanding capsule.
Corollas of L. tenerrima, frequently described
as campanulate, are short funnelform with
both a parallel “tube” and more flared “throat”
(Fig. 2H). This distinction may be obscure at
first glance with typical field magnification,
but it is readily observed on herbarium specimens with, or many times even without, the
calyx removed. Corollas can exceed the calyx
up to twice the calyx length. Corolla lobes are
ovate and range from slightly less to greater in
length than the fused portion of the corolla.
Lobes only half as long as the fused corolla
portion (Cronquist 1984) were never observed
by us. However, because the lobes flare outward initially from their base, their margins
may overlap on pressed specimens, which
obscures the precise location of the sinus and
may cause the lobes to appear shorter than

Fig. 2. Morphological features of Lathrocasis tenerrima and glands from 2 additional genera: A, young plant; B, cotyledon; C–E, lower leaves; F, pedicel gland; G, live flower; H, pressed corolla showing funnelform shape; I, corolla venation and stamen insertion; J, K, pollen grains; L, outer epidermal layer of seed coat covered with verrucae; M, pedicel
gland from Tintinabulum (=Linanthus) inyoensis; N, pedicel gland from Gilia lacinita. A: Tiehm & Birdsey 5134 RENO;
B: Tiehm & Rogers 4212 UTC; C, G, L: Johnson 93-103 BRY; D: Hitchcock & Muhlick 14144 UW; E: Cronquist 2970
IDS; F, H, I: Nelson 2992 RM; J: Bratz B386-165 CIC; K: Welsh 19600 BRY; M: Tiehm & Nachlinger 12432 BRY; N:
Morrell 403 RSA.
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they are. Corolla lobes are white to cream, or
tinged blue, lavender, or purple particularly
around the vasculature and the outer surface.
A yellow spot is located in the fused portion of
the corolla beneath each lobe but above the
point of stamen insertion. Below this spotted
region corollas are invariably white. The yellow spot is obscure and difficult to observe on
herbarium specimens. Vascularization of the
corolla is simple (Fig. 2I). For each lobe a single trace enters the base of the corolla and
immediately diverges into 3 strands (or rarely
remains single). These strands do not form
anastomoses throughout their length and
either do not branch, or branch only simply in
or just below the base of corolla lobes. Epidermal cells of adaxial corolla lobes are distinctively papillate. Papillae diminish in size below
the lobes but may enlarge once more below
the point of stamen insertion.
Stamens are inserted equally just above the
midpoint of the fused portion of the corolla,
alternate with the lobes (Fig. 2I). Stamen filaments are glabrous, equal in length, and exserted beyond the corolla opening to just less
than the length of the corolla lobes. Filaments
frequently curve inward, making direct contact
with stigmatic lobes. Anthers contain 40–120
white pollen grains each. The number of grains
per anther within a single flower can vary by a
factor of 2 or 3. Pollen ovule ratios in L. tenerrima, even using the lowest pollen-per-anther
counts, exceed those of several other self-pollinating species of Polemoniaceae (Plittman and
Levin 1990) because the number of ovules is
reduced in L. tenerrima relative to these same
species. Pollen grain morphology is variable.
All grains have a striate-reticulate exine with
colporate apertures, but distribution of the apertures varies from anomotreme to pantotreme
or bizonotreme (Figs. 2J, 2K).
The globose ovary contains a single ovule
in each of its 3 locules, rests upon a short nectary disk, and is terminated by an elongate
style exserted more or less to the same level as
the anthers and bearing 3 stigmatic lobes. The
ovary and style are glabrous, the style is deciduous, and the stigma papillae are distinctively
long. Capsules are subglobose, somewhat
broader than long, and loculicidal. The dehiscing valves separate to their base and may persist or detach from the plant. Mature seeds are
ovate and slightly flattened with a chestnut
brown seed coat enclosing a straight, chloro-
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phylous embryo embedded in abundant endosperm. Upon immersion in water the outer
cell wall layer of the seed coat separates into 1
or a few large sheets by the expansion of conspicuous hygroscopic spiricles clustered in
helical coils. Numerous minute verrucae can
be observed on the surface of each cell of this
separated epidermal layer under magnification (Fig. 2L).
Chromosome Number
Chromosome counts from 2 populations of
L. tenerrima, both from Mono County, California, have been conducted (A. Day, California
Academy of Sciences, personal communication; Breedlove 43710, 43601 CAS, RSA). The
counts, from meiotic pollen mother cells,
show these populations of L. tenerrima to be
tetraploid (2n = 36) based on x = 9 as the
base chromosome number in Polemoniaceae.
DNA Sequence Variation
Levels of nucleotide variation among 9
populations of L. tenerrima are comparable in
the nuclear ITS and chloroplast trnL regions.
In the combined ITS-1 and ITS-2 regions, 5
of 462 nucleotide sites showed base substitutions. Two of these sites were autapomorphic,
and no indels were observed. Three additional
sites in a single sequence were polymorphic.
In all, 6 unique ITS sequences were identified. In comparison, sequences of the trnL
region ranged from 1191 to 1209 bp in length
and required 10 indels of 1 to 11 bp for sequence alignment. Nine nucleotide sites showed
base substitutions, and 1 of these was autapomorphic. In all, 5 unique trnL sequences were
identified. Separate parsimony analyses of these
2 regions each recovered a single, homoplasyfree topology (Fig. 3A) with some polytomies
attributable to low levels of base substitutions.
The 2 topologies are largely, but not entirely,
compatible. The trnL topology distinguishes 2
main groups that are well separated by 6 base
substitutions and 7 indels. The ITS topology
differs from this in placing the Montana population in a different primary group compared
to trnL sequences, and in uniting Utah and
Carbon County, Wyoming, sequences that are
placed in different subgroups in the trnL
topology (Fig. 3A). Thirteen differences in the
trnL region that distinguish the 2 primary
population groups are substantial relative to
levels of variation observed between species
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within several genera elsewhere in Polemoniaceae (data not shown). These 2 major chloroplast groups (haplotypes) are more or less intermixed across the geographic range (Fig. 1).
Because only a single individual per population
was sampled, both haplotypes may be sympatric. Nevertheless, the number of differences between haplotypes and their wide geographic distribution suggest that most nucleotide divergence in trnL occurred prior to the
widespread migration of haplotypes across the
landscape. Further work is needed to assess the
significance, if any, of this molecular variation.
Comparisons of ITS, trnL, and matK sequences of L. tenerrima (Johnson 93-103 WS)
with a variety of other Polemoniaceae representing Gilia, species recently segregated from
Gilia, and historically distinct genera reveal
levels of divergence most similar to those
observed between, rather than within, other
genera (Table 2). In addition to nucleotide
sequence variation, all 9 sampled L. tenerrima
populations have a 5-base insertion and a 17base deletion in the trnL region that distinguish this taxon from all other Polemoniaceae
surveyed to date (J.M. Porter and L. Johnson
unpublished data).
Generic Relationships
Morphological and molecular variation presented above differentiates Lathrocasis clearly
from all other genera of Polemoniaceae and
provides a suite of characters useful for diagnosing this taxon that are summarized below.
In considering generic relationships of Lathrocasis, it is worth reiterating that L. tenerrima
(as Gilia tenerrima) was described at a time
when generic boundaries of Gilia encompassed
all but the most distinctive elements of temperate Polemoniaceae (Gray 1870). Although
limits of Gilia have since narrowed, this genus
has remained the depository for any species of
uncertain taxonomic affinity (Wherry 1940,
Patterson 1989). The taxonomic shuffling without discussion of L. tenerrima within Gilia
(reviewed above) indicates the uncertainty
workers have faced in positioning this species
on the basis of incompletely described morphology. Several students of Polemoniaceae
over the past 20 yr have considered the polymorphic nature of Gilia (Smith et al. 1977,
Patterson 1989), but only with the inclusion of
L. tenerrima in the sequence analyses of Johnson and Soltis (1995), Johnson et al. (1996),
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and Porter (1996) did the possibility of removing this element from Gilia gain serious consideration. The recent taxonomic reassignments of Gilia tenerrima to Allophyllum (Grant
1998) and Tintinabulum (Grant and Day 1998),
while agreeing in principle with the removal
of this species from Gilia, are not supported
by comparative morphology or cladistic analysis of DNA sequences. Of these 2 classes of
data, the latter are considered here first.
Parsimony analyses of ITS, trnL, and matK
DNA sequence data sets individually reveal
similar phylogenetic inferences regarding L.
tenerrima. Analyses of ITS data recover 6 minimal length trees of 372 steps (CI = 0.67, RI
= 0.77; Fig. 3B). Two of these trees weakly
place L. tenerrima as sister to a clade composed of Allophyllum, Collomia, Gilia, and
Navarretia (21% bootstrap), whereas the other
4 trees weakly place L. tenerrima as sister only
to Gilia (48% bootstrap). Analyses of trnL data
recover 2 minimal length trees of 217 steps
(CI = 0.85, RI = 0.89; Fig. 3C). One of these
trees weakly places L. tenerrima as sister to
the Allophyllum, Collomia, Navarretia clade
(39% bootstrap), and the other tree weakly
places L. tenerrima as sister to Gilia (51% bootstrap). Analyses of the matK data recover 3
minimal length trees of 227 steps each (CI =
0.88, RI = 0.92; Fig. 3D) that place L. tenerrima with minimal support (69% bootstrap)
as sister to Gilia. Partition homogeneity tests
(Farris et al. 1995, Johnson and Soltis 1998)
show that differences in placement of L. tenerrima among analyses are insignificant and
individual gene data may be combined into a
single matrix without greatly increasing phylogenetic conflict (P = 1.00). Analyses of a combined data matrix recover a single tree of 703
steps (CI = 0.83; RI = 0.80; Fig. 3E) that places
L. tenerrima as sister to Gilia, again with only
minimal support (62% bootstrap). Overall,
these data place L. tenerrima unambiguously
in Gilieae, as do larger analyses with more
thorough sampling of Polemoniaceae diversity
( Johnson et al. 1996, Porter 1996). However,
the precise sister relationship of L. tenerrima
within Gilieae remains weakly supported. The
best current inference is that Saltugilia is sister to remaining Gilieae, which comprises 3
additional lineages that are more or less equivocally resolved relative to each other: Gilia,
Lathrocasis, and a group composed of Allophyllum, Collomia, and Navarretia (see also
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Johnson et al. 1996, Porter 1996, Porter and
Johnson 2000).
DNA sequence analyses also show a large
number of base substitutions reconstructed on
the branch leading to L. tenerrima, and very
few homoplasy-free putative synapomorphies
uniting this taxon with a sister group (Figs.
3B–E). This substantive molecular change in
L. tenerrima offers insights into the historically difficult task of assessing relationships of
this species. That is, divergence levels in morphological features similar to those observed
in the DNA sequences may exist that have
obscured relationships. Modification of synapomorphies once shared with its sister group
and the development of autapomorphies either
unique relative to, or convergent with, states
observed in other genera could have occurred.
We are coding a morphological data set for explicitly distinguishing between synapomorphy
and homoplasy in features that characterize L.
tenerrima and other Gilieae, but the scope of
that species-extensive project precludes its
presentation here. Nevertheless, examination
of a broad range of morphological features has
been useful in assessing the systematic position of this taxon.
At a gross morphological level, the effuse,
sympodial branching system is a distinctive
feature of Lathrocasis tenerrima (Fig. 2A). Most
Polemoniaceae have cymose inflorescences,
and in many species branching is sympodial,
albeit less conspicuously so because their
pedicels usually are not retrorse as they are in
L. tenerrima. Widespread distribution of this
basic branching pattern provides little information regarding affinities of Lathrocasis.
Grant and Day (1998) suggest the spreading
habit, slender stems, and solitary flowers of L.
tenerrima are similar to the condition found in
Grant’s (1998) Tintinabulum. Differences in
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growth forms of these 2 genera are distinguishable, and similarities of equal magnitude
are found also in Linanthus and Aliciella.
Tintinabulum sensu Grant (1998) circumscribes
the historical “Gilia campanulata complex,”
including Tintinabulum filiforme (Parry ex A.
Gray) Rydberg (holotype GH!), T. campanulatum (A. Gray) V.E. Grant (holotype GH!), and
T. inyoensis (I.M. Johnston) V.E. Grant (holotype GH!). These 3 species were transferred
to Linanthus by Porter and Johnson (2000) but
are referred to here as Tintinabulum for clarity
of discussion. Tintinabulum may develop several shoots as primary axes of growth from the
lower nodes giving rise to a “spreading” habit,
but the direction of growth for shoots, subsequent branches, and pedicels is generally
ascending, rather than strongly diverging. Also,
leaf-opposed terminal flowers in Tintinabulum
are predominantly, if not always, paired rather
than solitary. Aliciella micromeria (A. Gray)
J.M. Porter, with pedicels typically at 90º to
the axis of growth, approaches L. tenerrima in
gross morphology most closely. These 2 species
are superficially similar, and A. micromeria is
mistaken for L. tenerrima more frequently on
herbarium sheets than any other species.
Even Gray, who named both species, confused
these taxa on herbarium sheets (Cusick s. n.
GH). Aliciella, including A. micromeria, differs
importantly from L. tenerrima in pollen morphology, lacking strongly mucilaginous seeds,
usually producing more than 1 ovule per locule,
having several lobed leaves with mucronate
leaf and calyx lobes, and having the stamen
insertion point located in the sinus of the
corolla lobes.
Gilia, Aliciella, and Saltugilia predominantly
have pinnately to tripinnately divided leaves
with mucronate leaf and calyx lobes. Lathrocasis tenerrima differs in lacking mucros on its

Fig. 3. Minimum length trees recovered from parsimony analyses of DNA sequence data: A: Single minimum length
unrooted topologies from analysis of 9 populations of Lathrocasis for ITS (gray) and trnL (black). Plain numbers represent base substitutions reconstructed on branches; underlined numbers represent indels reconstructed on branches.
White versus black stars indicate the 2 major chloroplast haplotypes. B–E: Numbers above branches represent reconstructed changes (base substitutions + indels); numbers below branches represent bootstrap values. Arrows designate
the branch uniting Lathrocasis with its inferred sister group. Numbers inside arrows indicate changes reconstructed on
that branch that are free of homoplasy (i.e., CI = 1). Broken lines indicate branches not found in all minimal length
trees (i.e., branches that would collapse on the strict consensus of these trees). Underlined species names designate
tribe Gilieae; the remaining taxa represent species formerly circumscribed in Gilia but now placed in other tribes. B, 1
of 6 minimum length trees recovered from analyses of ITS data; C, 1 of 2 minimum length trees recovered from analyses
of trnL data; D, 1 of 3 minimum length trees recovered from analyses of matK data with a topology identical to the strict
consensus tree for this data set; E, single minimum length topology from analysis of a combined data set for the species
present in all 3 of the DNA data sets (i.e., ITS, trnL, and matK).

Lathrocasis tenerrima
Lte
Gilia scopulorum–ITS
Gsc–trnL
Gsc–matK
Gilia stellata–ITS
Gst–trnL
Gst–matK
Saltugilia splendens–ITS
Ssp–trnL
Ssp–matK
Saltugilia caruifolia–ITS
Sca–trnL
Sca–matK
Allophyllum glutinosum–ITS
Agl–trnL
Agl–matK
Allophyllum integrifolium–ITS
Ain–trnL
Ain–matK
Collomia linearis–ITS
Cli–trnL
Cli–matK
Collomia rawsoniana–ITS
Cra–trnL
Cra–matK
Navarretia breweri–ITS
Nbr–trnL
Nbr–matK
Navarretia intertexta–ITS
Nin–trnL
Nin–matK
Navarretia sinistra–ITS
Nsi–trnL
Nsi–matK
Aliciella latifolia–ITS
Ala–trnL
Ala–matK
Aliciella hutchinsifolia–ITS
Ahu–trnL
Ahu–matK
Linanthus filiformis–ITS
Lfi–trnL
Lfi–matK

Lte
—
28
23
52
32
23
49
35
36
49
35
40
49
40
33
48
40
35
49
32
28
47
34
26
50
35
29
48
40
34
44
42
30
49
55
48
48
60
44
58
60
55
65

Gsc
—
14
7
7
31
37
50
31
39
51
39
31
48
41
33
49
30
25
46
32
23
49
33
27
51
37
30
46
43
26
51
58
49
50
60
42
57
58
53
67
Gst
—
33
38
47
33
39
48
40
28
45
43
30
46
32
22
43
35
20
46
34
22
48
41
26
41
45
21
48
60
49
47
65
43
54
65
51
64
Ssp
—
0
6
1
44
41
45
44
43
45
37
35
44
39
34
45
40
37
47
46
43
43
49
38
46
53
41
34
55
35
44
56
44
50
Sca
—
44
42
46
44
44
46
37
36
45
39
36
46
40
39
48
46
44
44
49
40
47
53
45
35
54
39
45
55
48
51
Agl
—
6
2
3
35
23
22
35
20
24
35
25
21
46
26
19
48
26
20
61
50
43
67
42
55
61
51
60
Ain
—
37
25
24
37
23
26
38
27
24
48
28
22
49
28
23
59
52
44
65
44
55
58
53
60
Cli
—
12
4
11
20
14
19
26
18
17
32
15
18
62
50
46
65
43
59
68
49
63

Cra
—
23
12
20
26
16
18
35
13
19
62
48
47
64
41
60
68
47
63

Nbr
—
27
16
12
27
5
11
59
52
46
65
43
59
62
48
63

Nin
—
36
15
13
62
54
42
68
47
54
62
55
59

Nsi
—
65
53
44
74
46
58
69
49
62

Ala
—
42
28
29
55
51
45

Ahu
—
58
44
55

TABLE 2. Pairwise comparison of nucleotide differences between species from the aligned data matrix used in the combined parsimony analysis of all 3 genes (ITS, trnL, matK). Intrageneric comparisons are italicized.
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mostly entire leaves and calyx lobes. Even
when lobed leaves occur in L. tenerrima, lobes
are restricted to only 1 per edge, and only a
few of many leaves on each plant will bear
lobes. Allophyllum and Collomia also have
species with nonmucronate leaves that are
either entire or few lobed. Like L. tenerrima,
these genera are more or less leafy throughout
with leaves that either do not reduce, or only
gradually reduce, in size upwards. They differ
in a number of features including characteristics of cotyledons, calyx, trichomes, and seed.
The leafy stem habit is a characteristic also
shared by Gilia section Gilia, and Tintinabulum.
Calyx lobes and entire to few lobed leaves of
Tintinabulum, like Gilia, are mucronate.
The terminal gland of Lathrocasis trichomes
is composed of 4 or fewer cells (Fig. 2F). Fourcelled glands, which appear as a developmental stage in several Polemoniaceae, are found
also as the end product of development in
some Gilia, such as in the inflorescence of
Gilia laciniata Ruíz & Pavón (Fig. 2N). Gilia
species invariably have more than one type of
trichome, however, whereas trichomes of L.
tenerrima are uniform. Trichomes in Allophyllum can also be of 2 types, have flat-topped
multicellular terminal glands, and some, at least,
are >0.5 mm, whereas those in L. tenerrima
remain <0.15 mm. Trichomes in Tintinabulum
also differ from Lathrocasis. Tintinabulum filiforme is almost glaborous, but its few trichomes consist of only 1 or 2 shortened stalk
cells capped by a large, cup-shaped multicellular gland. Tintinabulum campanulatum and
T. inyoensis are similiar to one another in possessing glandular trichomes capped with 16
cells on the ultimate layer (Fig. 2M), as well as
eglandular hairs on leaves and calyces. These
differences extend beyond structure to color.
The glands of Tintinabulum are amber rather
than black as indicated by Grant and Day
(1998). Darkness in glands of T. inyoensis and
T. campanulatum, red in color with magnification, is located in the penultimate layer of
gland cells. Glands in Lathrocasis, though
cytoplasmically dense, are translucent on living plants and darken to amber or black upon
drying.
Flower reduction has occurred in many different genera of Polemoniaceae, and species
with reduced vascularization can be found in
Navarretia, Aliciella, and Linanthus (Crampton 1954, Day and Moran 1986). Corollas of
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small-flowered autogamous Gilia species, in
contrast, generally remain >4 mm, and veins
form anastomoses in the corolla lobes. The
funnelform corolla shape, though diminutive
in L. tenerrima, is widespread in Gilieae. This
shape is also common in Aliciella but contrasts
with the distinctly campanulate corollas of
Tintinabulum. Tintinabulum is also characterized by having stamens inserted at or near the
base of the corolla. Lathrocasis, with stamens
inserted approximately mid-tube, differs in
this condition, and from Gilia and Saltugilia,
which typically have stamens inserted at or
near the sinus of the corolla lobes. Allophyllum, Collomia, and Navarretia are variable in
stamen insertion, from equal to unequal and
from near the base to at the sinus of the lobes.
The yellow-spotted corolla throat in L. tenerrima is shared by many Gilia and several
disparate species from throughout the family.
The calyx of Lathrocasis is fused beyond midlength as is common in Polemoniaceae. This
contrasts with calyces of Tintinabulum, which
have membrane-margined costae that are
fused less than 1/2 their length. The inner surface of the intercostal membrane in Tintinabulum is also distinctly pappilate under magnification, which is not the case for Lathrocasis or
other Gilieae.
Most Gilia, Saltugilia, and species in a number of genera such as Aliciella, Collomia, Eriastrum, Ipomopsis, and Tintinabulum possess
distinctive zonocolporate pollen grains with
lirae radiating from the apertures like lines of
magnetic field (i.e., Gilia I type, Stuchlik 1967).
The sexine in L. tenerrima differs from this in
being striate with some lirae running parallel
to the longest axis of the colpi, and some at
right angles to them, similar to the condition
described by Stuchlik (1967) for Gilia capitata
Sims. Furthermore, the colporate apertures in
Gilia capitata are anomotreme, but vary to
pantotreme or zonotreme. In Lathrocasis colporate apertures vary from anomotreme to
pantotreme or bizonotreme (Fig. 9). This latter
distribution of apertures is rare elsewhere in
Polemoniaceae. Collomia and Navarretia contain several disparate types of pollen grains,
some which approach Gilia I type, but none
identical to L. tenerrima (Chuang et al. 1978,
Spencer and Porter 1997). The pertectate,
pantoporate pollen grains of Allophyllum are
also quite different from L. tenerrima (Grant
1998, Grant and Day 1998).
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Brand (1907) described 4 types of seeds in
Polemoniaceae depending on the nature of the
seed coat and mucilage produced upon wetting.
Aliciella produces no or only slight mucilage
(spiricles) upon wetting, whereas Microsteris
produces copious mucilage that appears to be
truly and wholly mucilaginous in origin rather
than the product of spiricle expansion. In all
members of Gilieae, conspicuous secondary
wall thickenings in the epidermis (i.e., spiricles
or fibrils; Schnepf and Deichgräber 1983) expand in water to produce a mucilaginous layer.
As the spiricles expand, the outer cell wall
layer of the seed coat is shed as a “skin” or
sheet. In Lathrocasis and Saltugilia, cell wall
boundaries on this “skin” are difficult to observe, but the surface of each cell is densely
covered with minute verrucae (Fig. 2L). In
other Gilieae cell wall boundaries are apparent on this “skin,” which is otherwise smooth
and void of verrucae. Shevock and Day (1998)
describe the testa of Gilia yorkii Shevock &
A.G. Day as being verrucate, but this must be
in reference to a large-scale, general wartiness
of the seed coat. The outer epidermal wall
layer of this species, like other Gilia, lacks the
verrucae described above for Lathrocasis and
Saltugilia. Tintinabulum also possess verrucae,
but cell wall boundaries are also apparent and
the spiricles are much finer in texture so as to
make individual spiricles difficult to discern at
equivalent levels of magnification. The general
seed coat color in L. tenerrima is darker than
that of Gilia, Saltugilia, or Tintinabulum, but
lighter than that of Allophyllum. It approaches
most closely the medium chestnut brown of
some Collomia and Navarretia.
As illustrated above, L. tenerrima possesses
some unique features and shares others with a
wide range of genera. Emphasis on any single
feature could therefore provide misleading
indications of relationships. Morphologically,
L. tenerrima is readily distinguished from
Gilia despite their close relationship inferred
by DNA sequences and similarities in several
morphological features. Lathrocasis is also
readily distinguished from other genera of
Polemoniaceae. It possesses a distinct suite of
morphological features that, considered as a
whole, characterize this taxon at the generic
level. This suite of characters includes the
mostly entire, nonmucronate leaves, effuse
branching with diverging to retrorse and
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threadlike pedicels, uniformity of short stipitate glands throughout, uniovulate locules,
conspicuously spiriliferous seeds with verrucate seed coats, minute funnelform flowers
with simple vasculature, and stamens equally
inserted approximately mid-tube.
The origin of Lathrocasis appears to lie in
the early radiation of tribe Gilieae, possibly as
early as the middle Eocene (Lott et al. 1998),
following the derivation of ancestral Saltugilia.
Verrucate seed coats and funnelform, spotted
corollas may represent ancestral traits, whereas
the reduced flower with simple vasculature
and effuse branching system with retrorse
pedicels was likely derived within the Lathrocasis lineage. Reproductive isolation may have
been conferred instantaneously via polyploidization. The lack of species diversity within
Lathrocasis may reflect extinction, polyploidy,
or the autogamous habit of L. tenerrima. The
latter 2 conditions have been considered evolutionary dead ends (Stebbins 1950). Haufler
(1987) noted, however, that rather than simply
buffering against genetic change, polyploidy
provides latent pools of genetic diversity that
offer opportunities for speciation given time
and expanded geographic ranges. Whether L.
tenerrima represents such a latent pool or a
species depauperate of meaningful genetic
variation remains unexplored.
SYSTEMATIC TREATMENT
Lathrocasis L.A. Johnson, Aliso 19:67. 2000.
One species.
Lathrocasis tenerrima (A. Gray) L.A. Johnson, Aliso 19:67.
2000.
Basionym: Gilia tenerrima A. Gray, Proc. Amer. Acad.
Arts 8: 277. 1870.—Type: USA, Utah [Wyoming]: Evanston, July 1869, Watson 922. (Holotype: GH!; isotypes:
NY, YU xerox!). Synonyms: Navarretia tenerrima (A.
Gray) Kuntze, Revis. Gen. Pl. 2: 433. 1891. Allophyllum
tenerrimum (A. Gray) V.E. Grant, Phytologia 84: 79.
1998 [1999]. Tintinabulum tenerrimum (A. Gray) A.G.
Day & V.E. Grant, Phytologia 84: 377. 1998 [1999].
Common name: Delicate Gilia.

Plants erect or more commonly spreading,
(3–)6–30(–35) cm tall and often as wide; stem
branching profusely above and eventually
from axils of lower nodes. First nodes above
cotyledons subopposite to alternate, internodes
to 10 mm, elongating above to (2–)10–25(–40)
mm; 5–15 nodes produced before the primary
apical meristem terminates in a single flower.
Branching predominantly sympodial from leaf
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axils, or dichotomous at 1–3(–7) node intervals,
divergent, branch pairs spreading 45°–110º.
Plants ± stipitate glandular throughout, stalks
uniseriate (3–)4(–5) cells long, capped with a
rounded, cytoplasmic-dense terminal gland
composed of 1–4 cells, the gland darkening
with age; glands ± dense on stems and pedicels,
less dense on leaves and calyces including the
membranous portion, absent on corolla, androecium, and gynoecium; ± 0.1 mm long. Cotyledons with ovate blades to 5 mm long and 3.5
mm wide, extending from a narrow petiole ± 1
mm wide and ± 1.5 mm long, persistent into
flowering but becoming obscure or withering
with age. Lower cauline leaves (5–)10–28(–40)
mm long, narrowly lanceolate to oblanceolate
(or short ovate on younger plants) from a
tapering base and ± elliptic or blunt-acute
apex, occasional plants with infrequent lobed
leaves, the lobes linear to falcate, 1–12 mm
long, borne singly on each side (and then usually, but not necessarily, opposed) or on 1 side
only. Upper cauline leaves gradually to abruptly
reduced in size, 1–10(–20) mm long, 0.5–3(–5)
mm wide, linear-lanceolate to oblanceolate,
flower opposed or subtending dichotomous
branch pairs. Inflorescence cymose, diffuse,
distinctly sympodial. Pedicels threadlike, ± 0.2
mm wide, 2–7(–12) mm long, usually divergent
or retrorse at a 90–140(–160º) angle. Flowers
minute, 2–3(–3.8) mm long, corolla 1.25–2.3X
the calyx; 5-merous calyx, corolla, and androecium, 3 carpellate gynoecium. Calyx campanulate, 1.1–2.1 mm long, 0.4–0.8X the length of
the entire flower; ± 1 mm wide (costae ± 0.4
mm wide), membrane margined to apex, the
membrane fused 0.6–0.8X of the calyx length,
convex in outline along the free portion of the
calyx lobes; lobes soft to apex, lacking mucros.
Corolla funnelform, 1.6–3.5 mm long; tube
(the ± parallel portion of the fused corolla)
white, 0.4–1.0 mm long and 0.6–0.9 mm wide,
slightly narrowed at junction with throat;
throat (the flared portion of the fused corolla)
0.4–0.7 mm long, 1.3–1.7 mm wide at sinus of
corolla lobes, with yellow spots alternate with
the stamens; corolla lobes white or tinged
lavender, purple, or blue, 1.0–1.8 mm long,
0.6–1.3 mm wide, ovate, 0.9–1.2X the length
of the fused portion of the corolla. Stamens
equally inserted just above the mid-point of
the fused (0.6–0.7X) portion of the corolla,
equally exserted to 7/8 the length of the

corolla lobes; filaments glabrous, 1.2–1.7 mm
long, curving inward; anther 0.4–0.5 mm long,
0.3–0.4 mm wide, with mostly 40–120 pollen
grains each. Pollen grains white, 25–35 µm
diameter; anomotreme to pantotreme or rarely
bizonotreme, apertures colporate, exine striatereticulate. Nectary disk present at base of ovary;
ovary globose to subglobose, 0.5–0.6 mm long,
0.5–0.7 mm wide, tri-ovulate, glabrous. Style
1.5–2.0 mm long, glabrous, exserted to ± level
of stamens; stigmas three, 0.3–0.6 mm long,
papillate. Capsules compressed globular, 1.3–2.3
mm long, 1.6–2.9 mm wide with loculicidal
dehiscence to base; valves persistent to deciduous. Seeds ovoid, 1 per locule, slightly flattened, mostly 0.7–0.8 mm wide and 1–1.3 mm
long, appearing mucilaginous when wetted
due to the expansion of helical secondary wall
thickenings (spiricles), and germinating following extended periods of moist chilling (8–10
wk at 4ºC). Seed coat chestnut brown, the
outer cell wall layer of the testa clear and each
cell of this layer densely covered with minute
verrucae, the entire layer separating into 1 or
a few large sheets when wetted. Spiricles
white (or apparently so), few per cell, retaining a helical shape upon expansion. 2n = 36;
presumably an autopolyploid. Typical ITS
sequences = GenBank AF208213–AF208221;
trnL sequences = GenBank AF208180–
AF208188. Flowering (May–)June–July(–September); elevation (1127–)1524–2743(–2987) m.
E.T. Wherry annotated a specimen bearing
occasionally lobed leaves “Gilia tenerrima ssp.
serrata” (Cronquist 2970 IDS). The haphazard
occurrence of this feature throughout the geographic range of this species indicates, as
Wherry undoubtedly realized, the dubious taxonomic value of this feature at the subspecific
rank.
Type Specimens
and Locality
Three accessions of collection number 922
were distributed by Watson that bear 2 locality descriptions. Watson used the same number to indicate collections he regarded conspecific during the King Expedition, regardless of the date or location of their collection
(Tiehm 1985). Following Tiehm (1985), taxa
described by Gray would seem logically typified by specimens deposited at GH, and the
GH specimen was indicated the holotype by
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Cronquist (1984). The specimen deposited at
GH is a robust plant approximately 23 cm tall
and 29 cm wide, devoid of basal leaves (through
loss) and well past flowering—only a few intact
capsules remain among many dehisced fruit.
It is, nonetheless, a well enough preserved
specimen to distinguish this taxon from other
Polemoniaceae. The label, affixed in the lower
left corner, is annotated in handwriting among
printed words (the latter in brackets): “[U. S.
Geological Exploration of the 40th Parallel
under Clarence King, U. S. Geologist], [No.]
922, G. tenerrima Gray, [Hab.] Evanston [Utah],
July [1869], [Alt.] 6000 ft.” Watson worked with
Gray (Tiehm 1985), and it may be from that
association that Gray (1870) was able to supply
the following additional information: “Utah,
on hills above Bear River, near Evanston . . .”
The YU and NY specimens are similiar in size,
maturity, and condition to the GH specimen
and bear identical printed labels, but they differ in handwriting (other than possibly the collection number) and in the handwritten information. Both are inscribed “Bear River Valley:”
for the location and exclude the month of collection. The inclusion of “Evanston” and “July”
in both the protologue and specimen label
support the designation of the GH specimen
as the holotype. The Bear River Valley (NY,
YU) and Evanston (GH) collections may represent separate locations, or the labels may
simply reflect different precision in authorship
following distribution of the specimens. Neither location is of great enough precision to
exclude the other, and the similarity in specimen maturity is suggestive of a single collection. This conclusion is reinforced by comparing the size and maturity of other collections
from similar locations made on different dates,
and different locations made on similar dates.
We follow Welsh (1982) and Tiehm (1985) in
considering the NY and YU specimens isotypes.
Evanston, as we know it today, was established in late 1868 to early 1869 along the
banks of the Bear River just 4 mi east of the
Utah-Wyoming border. This border was established in 1868, a year prior to Watson’s collection, when Wyoming was established as a territory with the area in question acquired from
the Utah territory. It is possible that Watson,
having been with the King’s Expedition since
1867, considered the general area “Utah” despite the recent change in political boundaries,
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or that he used an imprecise working definition of where this new boundary existed such
as the Bear River itself. “Near Evanston” and
“Bear River Valley” are sufficiently general
reference points to include present-day Utah,
as the printed labels indicate. However, “hills
above Bear River” suggests proximity closer
than 4 mi, as if the river were in sight. Though
open to interpretation, the type locality is
probably in present day Wyoming (Uinta
County) rather than Utah.
Etymology
Lathrocasis is derived from the combination of the Greek lathro- (hidden, secret) and
kasis (sister), in recognition of the obscurity in
relationship accorded this taxon, beginning
with its initial description. True to its name, it
is not clear presently whether Lathrocasis is
sister to Gilia, a group composed of Allophyllum, Collomia, and Navarretia, or both of these
groups combined. The specific epithet chosen
by Gray (1870) is derived from the latin tener
meaning “soft” or “delicate,” apparently in reference to the fine, threadlike branches and
pedicels of this species.
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APPENDIX. Representative specimens.
U.S.A. —California, Mono Co.: Sweetwater Mtns,
headwaters of Swauger Ck, 27 Jun 1957, Hardham 2356
(RSA); steep-walled cyn on NE side of Wheeler Peak
above Sweetwater, 10 Jun 1978, Breedlove 43601 (CAS,
RSA); steep-walled cyn on NE side of Wheeler Peak
above Sweetwater, 24 May 1979, Breedlove 43710 (CAS,
RSA); 2.9 mi into Toiyabe National Forest on Rd 046 near
Success Mine, 30 Jun 1993, Johnson 93-103 (BRY, WS). —
Idaho, Blaine Co.: rocky granitic slope among open lodgepole pine near W edge of Alturas Lake, 22 Jun 1941,
Cronquist 2601 (GH, IDS, UTC). Boise Co.: 1.5 mi N Elk
Lake, Sawtooth Primitive Area, headwaters of S Fk
Payette River above Sacajawea Hot Spr, 11-12 Jul 1944,
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Hitchcock & Muhlick 9838 (NY, RM, UW, UTC). Butte
Co.: on small bluff on S side of Cedar Butte, S of Atomic
City, T1N R30E S35, 10 Jun 1980, Grimes, Packard,
Smithman, & Smithman 1629 (CIC, NY, UTC, UW).
Camas Co.: about 13 mi SE of Fairfield, 1.5 mi S of Sheep
Lake, T2S R16E S26 SE1/4 NE1/4, 1 Jul 1984, Patton &
Patton 1266 (NY). Cassia Co.: Silent City of Rocks (Albion
Mtns) just SE of Roads Summit, 13 airline mi SE of Oakley, T15S R23E S26, 15 Jun 1972, Holmgren & Holmgren
5924 (BRY, MONTU, NY, RENO, UTC, UW). Clark Co.:
U.S. Sheep Experiment Station, enc 1, sec. 35, T10N
R36E S35, 16 Jun 1935, Pechanec s. n. (RM). Custer Co.:
along Morgan Ck about 15 mi from mouth, 29 Jun 1946,
Hitchcock & Muhlick 14144 (NY, RM, UC, UTC, UW);
hillside above Mill Creek, 12 mi W of Challis, 8 Jul 1941,
Cronquist 2970 (GH, IDS, UTC). Elmore Co.: roadcut
about 4 mi NW of Rocky Bar on FS Rd 156, Boise Mountains, T4N R9E S1, 6 Jul 1980, Ertter & Strachan 3817
(MONTU, NY, UTC, UW). Fremont Co.: ridge about 0.5
mi NW of Blue Ck Reservoir, about 16 mi NNW of Ashton, T11N R41E S34, 19 Jun 1993, Evert 25052 (RM).
Idaho Co.: Selway River Cyn adjacent to Steep Gulch, 2
mi N of Haystack Mtn, 34 mi SW of Darby, MT, T28N
R14E S29 NE1/4, 26 Jun 1972, Stickney 2724 (MONT).
Lemhi Co.: shale bank 3 mi up Porphyry Ck, 30 Jun 1946,
Hitchcock & Muhlick 14202 (NY, RM, UC, UW). Owyhee
Co.: ridge extending W from Hayden Mtn, Silver City
Range, 2 Jul 1946, Maguire & Holmgren 26651 (GH, NY,
UC, UTC, UW); Democrat Summit, Reynolds Creek
watershed, T4S R4W S14 SW1/4, 4 Jul 1964, Bratz B386165 (CIC). Twin Falls Co.: rd to Monument Spring, 9.1 mi
S of Rogerson-Murphy Hot Springs Rd, 15.5 mi WSW of
Rogerson, T15S R14E S20, 4 Jun 1972, Holmgren &
Holmgren 5763 (NY, OSC). Valley Co.: SW-facing hillside
above West End Ck, a tributary to Sugar Ck, T18N R9E
S2 NE1/4, 11 Jul 1980, Grimes & Packard 1807 (BRY,
CIC, NY). Washington Co.: Seven Devil Mtns, 5 Aug
1899, Jones s. n. (GH, OSC). —Montana, Beaverhead Co.:
Pioneer Mtns, S-facing slope above kilns on Canyon Ck,
T2S R10W S8, 15 Jun 1989, Lesica & Shelley 4838
(MONTU, NY). Gallatin Co.: Spanish Basin, 24 Jun 1897,
Rydberg & Bessey 4820 (NY). Lewis & Clark Co.: Big Belt
Mtns at base of E-facing slopes above Hunters Gulch just
above road crossing, T12N R2W S2, 30 Jun 1985, Lesica
3466 (MONTU, OSC, RM). Maddison Co.: Highland
Mountains on E-facing slopes above Second Ck, T2S
R6W S7, 1 Jul 1992, Lesica 5756 (MONTU, NY). Missoula
Co.: Lolo Nat’l Forest, Sapphire Range, Plant Ck watershed near second sharp switchback, 10.5 mi SSE of Missoula, road cut, T11N R18W S7 NE1/4, 15 Jun 1973,
Stickney 2915 (MONT). Park Co.: Suksdorf ’s Gulch, 9 mi
NW of Wilsall, 8 Aug 1921, Suksdorf 704 (GH, UW).
Ravalli Co.: S-facing slopes above a side drainage of Grayhorse Ck, about 9 mi NE of Stevensville, T9N R18W S6,
24 May 1986, Lesica & De Bolt 3728 (MONTU, NY). Silver Bow Co.: trail cut along Moose Ck near its confluence
with small tributary, T1S R8W S8 SW1/4, 31 Jul 1979,
Lowry 2740 (MONT). —Nevada, Elko Co.: 0.5 mi above
Thomas Cyn Camp Ground, Lamoille Cyn, 15 Jun 1941,
Holmgren 1131 (BRY, NY, UC, UTC); Independence
Mtns, Warm Creek, 3.2 air mi W of the Saval Ranch,
T39N R53E S2, 20 JUN 1979, Tiehm & Birdsey 5134 (NY,
RENO, RSA, UTC). Eureka Co.: Fish Ck Range, Prospect
Peak area SSW of Eureka, 0.7 road mi S of peak, T18N
R53E, 26 Jun 1988, Tiehm & Crisafulli 11814 (BRY, NY,
OSC, RENO RM, UNLV, UTC). Humbolt Co.: Santa
Rosa Range, Buckskin Mtn N of Windy Gap, S side of
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mtn, T45N R39E S14, 28 Jun 1987, Tiehm 11374 (BRY,
IDS, MONTU, NY, OSC, RENO, RM, UNLV); SE side
Sage Hen Hills, 11.7 air mi NW of Range HQ Duffurena
Ranch, T46N R24E S2, 19 May 1978, Tiehm & Rogers
4212 (NY, RENO, UTC, UW). Lander Co.: Carroll Summit, Desatoya Mtns, 10 Jun 1941, Mason 12427 (GH, NY,
OSC, RM, UC, UTC, UW). Lyon Co.: ridge on N edge
Sweetwater Mtns 2 mi SE of Desert Ck, 30 May 1983,
Breedlove 58768 (GH, NY). Mineral Co.: Agnes D. Mine
Cyn, S fork of Cottonwood Cyn near Murray Placer Camp,
N slope of Mt Grant, 5 Jul 1940, Train 4245 (NY, RENO).
Nye Co.: Toiyabe Range, R.F. Stewart Ck 20 mi & 305º
from town of Round Mtn, N38º53′7″ W117º21′57″, 17 Jul
1979, Goodrich 13497 (BRY, NY, RENO, RM, UTC). Pershing Co.: N end of the West Humbolt Mtns, 5.5 air mi
SSW of Imlay, NW of Star Peak, T31N R34E S7, 11 Jun
1978, Tiehm & Williams 4343 (NY, RENO, UNLV, UTC).
Washoe Co.: Bald Mtn Ridge, 1.5 air mi W of refuge subHQ, T45N R21E S7 NE1/4, 30 May 1978, Rogers &
Tiehm 909 (NY, RENO, UTC, UW). White Pine Co.:
Lehman Ck Cyn, Snake Range, 17 Jun 1941, Maguire
20810 (BRY, NY, UTC, UW); Aurum, 6 Jun 1893, Jones s.
n. (POM 75138). —Oregon, Grant Co.: Dixie Butte, Blue
Mtns, 2 Jul 1910, Cusick 3507 (OSC, WILLU). Harney
Co.: Western Trout Ck Mtns, main ridge rd SW of headwaters of Little Wildhorse Ck, 3/4 mi NW of rd on ridge S
of headwaters, near small reservoir an springs, T40S
R38E S28 SE1/4, 3 Jul 1981, Ertter 4364 (BRY, CIC, NY,
RENO, RM, UTC, UW). Lake Co.: lava craters 2 mi east
of Green Mountain Lookout, NE of Fort Rock, T25S
R17E S28 & 33, 7 Jun 1978, Crosby 1943 (OSC). Malheur
Co.: Trout Ck Mtns, mahogany grove E of Mud Spring,
T38S R40E S28, 29 Jun 1984, Wright 1745 (OSC).
Owyhee Co.: Malheur Divide near Road Cyn, sandy
slopes, 31 May 1896, Leiberg 2175 (GH, NY, OSC, POM,
UC). Union Co.: white stoney hillside, Thief Valley, no date,
Cusick s. n. (OSC). Wallowa Co.: near summit of ImnahaSnake Divide, 24 mi above Imnaha, 12 Jul 1933, Peck
17608 (NY, WILLU). —Utah, Beaver Co.: Tushar Mtns,
Beaver River Cyn below Skull Flat, T29S R6W S23, 28
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Jul 1984, Taye 2954 (BRY, UTC). Cache Co.: Spring Hollow, W ridge, 2 Jun 1936, Maguire 13755 (NY, UTC). Carbon Co.: Scofield, 24 Jun 1904, Jones s. n. (POM 75140).
Juab Co.: Deep Ck Range, Indian Farm Ck drainage, 14.5
km (9 mi) air distance WSW of Callao, T11S R18W S22
SW1/4, 18 Jul 1995, Holmgren & Windham 12411 (BRY,
NY). Millard Co.: Pavant Mt. Cold Spring about 12 mi SE
on Second Ck Rd, T24S R5W S23, 30 May 1986, Thorne
& Nelson 4671 (BRY, NY). Salt Lake Co.: Salt Lake City,
City Ck Cyn, 11 Jun 1880, Jones 1768 (NY, RM, UC,
UTC). Sevier Co.: about 23 mi due E of Salina, T23S R4E
S36 SW1/4, 14 Jun 1980, Welch 19600 (BRY, NY, RM);
[G?]eland’s Ranch, head of Salina Cyn, 15 Jun 1894, Jones
5425 (NY, POM, RM, UC). —Wyoming, Carbon Co.: The
Chimneys, Pedro Mtns, 25 Jun 1901, Goodding 110 (GH,
MONT, NY, RENO, RM, UC). Fremont Co.: W slope
Wind River Range, SW face of Wildcat Butte, about 50 air
mi SE of Pinedale, T30N R102W S21, 22, & 28, 13 Jun
1991, Fertig 7724 (RM). Lincoln Co.: Salt River Range,
dry ck about 1.75 mi E of cyn mouth, about 3.5 air mi SE
of Afton, T31N R118W S9, 4 Jun 1987, Harrison 471
(RM). Park Co.: ridge S of Middle Ck about 2 mi W of
east entrance and 0.25 mi S of Hwy 14, 16, & 20, T52N
R109W S18, 13 Jun 1989, Evert 16688 (RM); along a rd,
Undine Falls, 18 Jul 1899, Nelson & Nelson 5953 (BRY,
GH, NY, RM, UC, UW). Sublette Co.: W slope of the
Wind River Range, E of Pinedale near Fremont Lake, 11
Jul 1967, Porter & Porter 10427 (GH, NY, RM, UC, UW).
Sweetwater Co.: Cedar Cyn, T22N R103W S8, 25 Jun
1978, Dorn 3088 (RM). Teton Co.: S-facing slopes below
“Warrior Ridge” rock formation in Teton Cyn, Targhee
Nat’l Forest, 11 mi E of Driggs, ID, 2 Jun 1956, Anderson
264 (NY, RM, UC, UTC, UW); Bridger-Teton Nat’l Forest,
Gros Ventre Range, Gros Ventre drainage, slopes N of
Slide Lake, T43N R114W S33 & 34, 20 Jun 1995, Goodrich
24955 (BRY). Uinta Co.: Evanston, 29 May 1897, Nelson
2992 (NY, RM, UTC); Meadow Draw Quadrangle, South
Haystack Coal Site, T17N R117W S29 NE1/4, 7 Jun 1978,
Moore, Mayer, & Reardon 525 (RM).

